Background/Aims: Lipopolysaccharides (LPSs) act as virulence factors that trigger intestinal inflammation and thereby compromise the production of pigs worldwide. Intestinal diseases and dysfunction have been attributed to endoplasmic reticulum stress (ERS) and the subsequent apoptosis of intestinal epithelial cells. Therefore It is important to explore whether LPSs aggravate ERS-mediated apoptosis of intestinal epithelial cells. Methods: ERS and inflammation models were established in porcine cell line J2 (IPEC-J2) and the cells were treated with tunicamycin or LPS at specific times. The expression of marker proteins was determined by western blot and immunofluorescence. Possible crosstalk between proteins was analyzed by co-immunoprecipitation. Small interfering RNA transfection was employed to verify the mechanisms. Results: We found that Escherichia coli-derived LPS aggravated ERS and ERS-mediated apoptosis in ERS-responsive IPEC-J2 cells. The crosstalk between nuclear glucose-regulated protein 78 (GRP78) and tumor protein 53 (p53) was verified to trigger this LPS-aggravated apoptosis of ERS-responsive intestinal cells. Conclusion: This novel finding implies that intestinal malfunctions might solely originate from the effects of Gram-negative
Introduction
The endoplasmic reticulum (ER) is responsible for polypeptide synthesis, posttranslational modification, and the folding of peptides to form proteins for cellular functions or secretion. Endoplasmic reticulum stress (ERS) occurs normally in the rapidly growing intestines of piglets when excessive misfolded and unfolded proteins accumulate in the ER lumen. Such stress triggers a series of signaling and transcriptional events known as the unfolded protein response (UPR). Although the UPR attempts to restore homeostasis in the ER, failure can lead to local inflammation of stressed cells and programmed cell death via apoptosis or autophagy [1, 2] . The UPR consists of three main signaling branches: inositolrequiring enzyme 1-a, protein kinase RNA-like endoplasmic reticulum kinase (PERK), and activating transcription factor 6 (ATF6). Prolonged or uncontrolled ERS results in apoptosis. Phosphorylated eukaryotic initiation factor 2 α (p-eIF2α) can enhance the translation of ATF4, a transcription factor that participates in the oxidative stress response and ER stressinduced apoptosis [3] . The subsequent release of glucose-regulated protein 78 (GRP78), PERK auto-phosphorylation, and phosphorylation of, for example, eukaryotic initiation factor 2 α (eIF2α) can lead to the attenuation of caspase-mediated translation, which regulates genes involved in ERS/CHOP-induced apoptosis.
ERS is associated with cancer [4] , diabetes [5] , and cystic fibrosis [6] , as well as infectious and inflammatory diseases [7, 8] . Inflammatory bowel disease (IBD) is a chronic, globally occurring gastrointestinal disorder and a major cause of dyspepsia and diarrhea [9] . Using mouse models, together with the phenotype of IBD and IBD genetic data, researchers have improved our understanding of the importance of ERS and related pathways in intestinal inflammation [10] . The intestinal epithelial cells have a critical role in the innate immune response against pathogenic bacteria. In addition to acting as a physical barrier, these cells generate signals by producing several cytokines, chemokines, and other signaling molecules [11] [12] [13] . In addition, our previous experiment found that the ERS is normally triggered in the rapidly growing intestine, and Escherichia coli infection aggravates CHOP-mediated apoptosis mainly in the jejunal epithelial tissue of weaning stressed piglets [14] . The intestinal porcine epithelial cell (IPEC) line IPEC-J2, originally isolated from jejunal epithelia of an unsuckled neonatal piglet, is a realistic and representative tool for mimicking the jejunal epithelial tissue of piglets [15, 16] . In the fields of veterinary medicine and animal science, it serves as a good cell model for pharmacological research as well as studies of toxicity, microbiology, bioavailability, and metabolism. These previous studies prompted us to investigate the potential effect of mild inflammation on ERS and ERS-mediated apoptosis in IPEC-J2.
E. coli infections compromise the efficiency of pigs and pork production, and thus regulation of the inflammation and associated cell death might be effective methods of improving the profitability of the porcine industry [17] . Lipopolysaccharide (LPS) is a component in the outer membrane of Gram-negative bacteria and is recognized by epithelial toll-like receptor-4 [18] . Treatment with LPS results in the activation of nuclear factor (NF)-κB and subsequent upregulation of proinflammatory cytokines including interleukin (IL)-1α, IL-1β, and IL-6 [19] . Previous studies using the IPEC-J2 cell line have established a model of inflammation using Salmonella enterica-derived LPS [18, 20] . However, there are few reports on inflammatory models based on E. coli-derived LPS in intestinal epithelial cells. Here, we selected E. coli-derived LPS to produce an inflammatory milieu, and used tunicamycin (TUNI) to develop an ERS-induced apoptosis model with IPEC-J2 cell line. Our goal was to investigate the effect of E. coli-derived LPS-induced mild inflammation on ERS-responsive intestinal epithelial cells and determine whether crosstalk occurs between inflammation and ERS.
Cell culture, ERS, and inflammation induction IPEC line IPEC-J2, originally isolated from jejunal epithelia of an unsuckled neonatal piglet, was cryopreserved with liquid nitrogen in the Key Laboratory of Agro-ecological Processes in Subtropical Region. IPEC-J2 cells of passages 4 to 6 were used in this study. Cells were grown in DMEM containing 10% FBS, 50 μg mL -1 penicillin, and 50 μg mL -1 streptomycin and seeded on 6-well plates (Corning, Inc.) at a density of 100, 000 cells per well for 48 h before being washed with phosphate buffered saline (PBS). The cell culture procedures were performed as described in a previous study [21] . DMSO was used to dilute TUNI and an equal amount was added to the control group. To generate ERS-induced apoptosis, we determined that 1.0 μg mL -1 TUNI for 24 h was the most appropriate time through preliminary experiments. To optimize the E. coli-derived LPS concentration and time required for inducing mild inflammation, we replaced the original medium with an FBS-free culture medium supplemented with 0, 0.5, 1.0 or 2.0 μg mL -1 E. coli-derived LPS. After 24 h treatment, cell growth was monitored with CCK-8 according to the manufacturer's instructions. Based on the induction model of ERS and inflammation, we treated cells with DMSO, 1 μg mL -1 TUNI/DMSO, 0.5 μg mL -1 LPS/DMSO, or combinations of TUNI/LPS to investigate the crosstalk between inflammation and ERS.
Monitoring of inflammatory cytokines
We conducted enzyme-linked immunosorbent assays (ELISAs) with an IL-6 monoclonal capture antibody and the biotinylated polyclonal secondary antibody IL-6 Duoset (DY206E; R&D Systems, Minneapolis, MN, USA), according to the manufacturer's instructions. Briefly, amplifications were performed in horseradish peroxidase-conjugated streptavidin and then visualized using a colorimetric 3, 3',5, 5'-tetramethylbenzidine substrate (Sigma-Aldrich). The reaction was terminated by the addition of 2N sulfuric acid. Optical density was measured at 450 nm with an HT Synergy plate reader coupled to Gen 5 software (Biotech Instruments, Inc., Winooski, VT, USA). Purified recombinant IL-6 protein was used to generate a standard curve to assess the approximate concentrations. The level of IL-6 was determined by normalization to purified IL-6 protein standards. Similar steps were taken to determine the concentration of IL-8.
Staining to examine ER fluorescence
After the treatments with or without LPS or TUNI, the ER fluorescence of line IPEC-J2 was stained by the CytoPainter ER Staining Kit-Red Fluorescence according to the manufacturer's protocol. Co-localization with the EGFP-calreticulin signal demonstrated selectivity for the endoplasmic reticulum. Briefly, cells were plated on glass culture dishes, using four replications per treatment. After 24 h, the cells were washed with PBS, and ER-and nuclear fluorescence-staining was performed according to the manufacturer's instructions. Cells were observed under a laser confocal microscope (FV1000; Olympus, Tokyo, Japan), using an excitation wavelength of 370 nm and a scattering wavelength of 460 nm.
Flow cytometry analysis
After the treatments, the cells were collected and apoptosis was analyzed by flow cytometry using an Annexin V-FITC Apoptosis Detection Kit (Beyotime Biotech, Shanghai, China) according to the manufacturer's instructions. Data acquisition and analysis were performed using the flow cytometry system and CellQuest 
Western blot analysis
The IPEC-J2 cells from LPS or TUNI treatments were cultured for different times in 6-well plates. Samples were lysed for 10 min in ice-cold buffer with a complete protease inhibitor cocktail. For the specific analysis involving subcellular fractionation, nuclear or cytoplasmic proteins were extracted by Nuclear and Cytoplasmic Protein Extraction Kit according to the protocols. Immunoblotting assays were performed as described previously [22] . The blots were examined with the ECL Plus detection system (Thermo Fisher Scientific, Waltham, MA, USA) under conditions recommended by the manufacturer, and the signals were visualized on Fujifilm (LAS-3000; Fuji, Tokyo, Japan). The protein band densities were normalized to the β-actin/H3 signal and quantified by Quantity One software (Bio-Rad, Hercules, CA, USA).
Immunofluorescence
Cells were fixed and permeabilized with cold 100% methanol for 10 min on ice. For staining, they were treated with 4 N HCl for 10 min, followed by 1.5 M Tris-HCl (pH 8.8) for 10 min, before being blocked with 1% bovine serum albumin. Cells were then incubated overnight at 4°C with primary anti-GRP78 rabbit polyclonal antibody and subsequently incubated for 1 h with Alexa Fluor 488-conjugated secondary antibodies (Life Technologies, Carlsbad, CA, USA). Cells were washed three times and the ER and nuclei were stained with CytoPainter ER Staining Kit-Red Fluorescence according to the instructions. Images were captured by a laser confocal microscope.
Co-immunoprecipitation
IPEC-J2 cells after LPS or TUNI treatments were cultured for various times in 6-well plates. All samples were gently lysed for 10 min in ice-cold buffer with a complete protease inhibitor cocktail. The coimmunoprecipitation (Co-IP) assays were conducted according to the instructions supplied with the Co-IP kit (Pierce, Waltham, USA). For this study, we used either GRP78 (78KD) or p53 (53KD) antibodies to coimmunoprecipitate p53 (53KD) or GRP78 (78KD) protein, respectively. After IPEC-J2 cells were pre-treated with LPS or TUNI, as well as combination of LPS and TUNI for 24 h, lysed supernatants were used as input control. The negative control received the same concentration of GRP78 (78KD)/p53 (53KD) antibody, except that the coupling resin was replaced with control agarose resin, which is not amine-reactive. sodium dodecyl sulfate polyacrylamide gel electrophoresis and western blot were conducted to evaluate the protein bands. Data acquisition and analysis were performed with Image Lab system and software (Bio-Rad).
Transfection with small interfering RNA
In order to investigate whether the p53 complex (according to the results of Co-IP) disturbed GRP78 redistribution in the cells, control small interfering RNA (siRNA) and siRNAs that target p53 genes were purchased from the ABI Silencer® Select Pre-Designed & Validated siRNA collection (Applied Biosystems, Carlsbad, CA). The IPEC-J2 line was transfected with a Nucleofector T Kit (Lonza, Basel, Switzerland) using a siRNA pool containing 1 μmol of each siRNA or 4 μmol of the control siRNA. After 48 h, the transfected cells were washed with PBS.
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Results
TUNI treatment led to ER stress and apoptosis in IPEC-J2
We exposed IPEC-J2 cells to 1 μg mL -1 TUNI to induce ERS. Treatment for 8-32 h significantly reduced cell growth and induced ERS markers CHOP and GRP78 in a timedependent manner (Fig. 1A, B) . Flow cytometry analysis indicated that 24 h of TUNI exposure increased the rate of cell apoptosis (Fig. 1C) . We also examined ER morphology via red fluorescence staining, and the results showed that 32 h of TUNI treatment caused a "cavity" in the ER (Fig. 1D) , which indicated an accumulation of unfolded proteins in the ER lumen. Moreover, the fluorescence intensity of calreticulin in the TUNI-treated cells was lower than in normal cells in the control group. These data demonstrated that our ER stress model was successfully established in line IPEC-J2.
E. coli-derived LPS induced an inflammatory milieu in IPEC-J2
IPE-J2 cells treated with E. coli-derived LPS (0.5 to 2.0 μg mL -1 ) for 24 h showed significantly lower cell viability ( Fig. 2A, B ) and increased secretion of IL-6 and IL-8 ( Fig.  2C , D) in a dose-dependent manner. Furthermore, the upregulation of nuclear p65 and caspase12 and decreased level of Bcl-2 provided evidence of the inflammatory milieu induced by LPS. Examination of ER morphology via fluorescence staining showed that treatment with 0.5 μg mL -1 LPS for 24 h did not cause a morphological "cavity" or affect the fluorescence intensity (Fig.  2I) . Therefore, we selected a low concentration (0.5 μg mL -1 ) of E. coli-derived LPS to explore the effect of mild inflammation on ERSmediated apoptosis.
The inflammatory milieu activated strong ERS-mediated apoptosis in ERS-responsive IPEC-J2, possibly via p53 up-regulation
We measured cell viability via CCK-8 ( Fig.  3B ) and flow cytometry (Fig. 3 D, E) , and found that the rate of apoptosis was highly increased following treatment with LPS plus TUNI (Fig. 3 D, E) . However, the inflammatory cytokines (IL-6 and IL-8) and p65 expression (Fig. 3 C, I ) were not further elevated by dual treatment compared with LPS treatment alone. This suggested that the addition (Fig.  3F ). Dual treatment with LPS and TUNI did not increase the expression of nuclear p65 compared with LPS treatment only (Fig. 3I) . However, it highly increased the levels of nuclear p53 compared with single treatments (Fig.  3J) . Moreover, the levels of p-eiF2a and CHOP were up-regulated in response to TUNI-induced ERS, but not by LPS (Fig. 3G, H) . The data implied that the NF-κB component had no effects on the upstream pathway of TUNI-induced ERS, but NF-κB-mediated nuclear p53 may play a key role in the execution phase of apoptosis.
The inflammatory milieu altered subcellular localization and the expression of GRP78 in ERSresponsive IPEC-J2 cells GRP78 is thought to be located mainly in the cytoplasm, especially in the ER [23] . However, as a molecular chaperone, GRP78 shuttles between the nucleus and the cytoplasm, interacting with several molecules to regulate many biochemical pathways. Our subcellular localization analysis positioned GRP78 mainly in the nuclei of IPEC-J2 cells within the normal environment, and TUNI-induced ERS markedly increased distribution of GRP78 in the cytoplasm, while it decreased that in the nuclei (Fig. 4B, C, F) . Moreover, the inflammatory milieu induced by LPS increased the level of nuclear GRP78 by three-fold in ERS-responsive cells (Fig. 4 C, F) , implying that NF-κB or a component interfered with GRP78 subcellular localization (Fig. 4D, G) . We found it interesting that this phenomenon occurred only in ERS-responsive cells, whereas single treatment with LPS had no effect on the subcellular localization of GRP78 in the single inflammatory environment. These results suggested, therefore, that GRP78 shuttling might play a key role in the crosstalk between inflammation and the ERS pathway. Compared with the other three groups, the level of ER-fluorescence/ EGFP-calreticulin was markedly decreased by LPS and TUNI dual treatment (Fig. 4E) , indicating that degradation of the ER or degeneration of its normal function occurred. Based on these results, we believe that further analyses of the ERS pathway and NF-κB proteins are required to elucidate the physiological function of GRP78 in these potential interactions. ), or a combination of LPS and TUNI for 24 h. A) Western blot analysis of cytoplasmic and nuclear mTOR, GRP78, β-actin, and H3 proteins after nucleocytoplasmic separation (mTOR was used as indicator of separating efficiency). B, C) Relative band abundance of GRP78 in cytoplasm and nucleus, respectively. D) Cellular sublocalization of GRP78. E) ER (red/EGFP-calreticulin), GRP78 (green), and nuclei (blue) were stained by immunofluorescence. F) Fluorescent abundance of cytoplasmic (C) and nuclear (N) GRP78. G) Relative FI ratio of cytoplasmic (C) to nuclear (N) GRP78 in cells. received the same concentration of GRP78/p53 antibody except that the coupling resin was replaced with control agarose resin, which is not amine-reactive. 
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As described in Section 3.3, dual treatment with LPS and TUNI did not affect the expression of nuclear p65 any more than the LPS single treatment. However, it greatly increased the level of nuclear p53 compared with the single treatments. To investigate the mechanism of GRP78 redistribution induced by dual treatment with LPS and TUNI, we used Co-IP to examine potential interactions between GRP78 and p53. This enabled us to verify the relationship between nuclear p53 and GRP78. As shown, crosstalk between p53 and GRP78 was observed in the dual-treated cells (Fig. 5A, B) and in cells treated with LPS alone (Fig. 5C, D) . However, no crosstalk effects between p53 and GRP78 were observed in cells that were treated with TUNI alone (Fig. 5E, F) . The p53 tumor suppressor is a nuclear protein that regulates transcription and mediates several biological processes, such as growth arrest, senescence, and apoptosis in response to various forms of stress [24, 25] . Depending upon the experimental conditions, ERS can facilitate either a reduction [26, 27] or an increase in p53 activity [28, 29] . Because p53 can modulate the functions of the ER in response to stress [30] , we transfected siRNAs targeting p53 genes into IPEC-J2 cells to verify whether they could interfere with the redistribution of GRP78 under our experimental conditions. Forty-eight hours after transfection, p53-targeting siRNAs (1 μmol) reduced the expression of p53 by 52% compared with control-siRNAs (4 μmol). The transfected cells were then treated with both LPS and TUNI. Knockdown of p53 led to three outcomes: 1) cell death was attenuated (Fig. 6A) ; 2) TUNI-induced redistribution of GRP78 from the nucleus to the ER lumen was recovered (Fig. 6D, E, H) ; and 3) the ER-fluorescence/EGFP-calreticulin was recovered (Fig. 6F) . These results provided evidence that the interactive effect between inflammation and ERS was attenuated by p53 knockdown.
Discussion
We present a spontaneous cell model of ERS resulting from TUNI treatment. The inflammation induced by LPS appeared to be a key element in ERS-mediated apoptosis, indicating possible pathogenesis and damage when intestinal cells are infected by Gramnegative bacteria. Our results indicated that the inflammatory milieu is a promotive but not primary component of the ERS response. First, the mild inflammation that was induced by treatment with 0.5 μg mL -1 LPS had little influence on normal cells but severely impaired cell viability, altered the subcellular localization, and changed the expression levels of GRP78 in ERS-responsive IPEC-J2 cells. Second, knockdown of p53 attenuated the collaboration of LPS and TUNI by preventing an interaction between GRP78 and p53 in the nucleus.
Endoplasmic reticulum stress in intestinal epithelial cells
Although abundant data from studies of animal models and human bowel diseases [31] [32] [33] [34] have demonstrated the importance of the ERS pathway in the intestines, especially in the goblet cells [35] , little is known about the role of ERS in intestinal epithelial cells, which play critical roles in gut defenses and nutrient absorption. The efficiency of nutrient absorption and utilization is largely determined by the condition of these cells. Intestinal epithelial cells grow rapidly in pigs and are responsible for the synthesis of nutritional transporters throughout the animal's lifespan. Furthermore, reports have revealed that ERS can be induced or resolved [34, [36] [37] [38] [39] , including in line IPEC-1 cells [40] . The intestinal epithelium is naturally exposed to pathogenic bacteria, acts as a physical barrier, and plays a significant role in generating signals through the production of inflammatory cytokines and ERS-responsive signaling molecules. Therefore, line IPEC-J2 is a realistic and representative tool for in-vitro studies of ERS and inflammation.
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TUNI and ERS
TUNI triggers stress by inhibiting N-linked glycosylation of newly synthesized proteins in the ER [41] . Glycosylation is essential for controlling both the processing and quality of protein folding. If hydrophobic parts of the amino acid chain cannot be buried in the interior of the protein during folding, GRP78 is recruited to bind these regions to prevent the aggregation of unfolded proteins [42] . Accordingly, researchers have reported that TUNI can induce ERS in various organs belonging to different animal species [43] [44] [45] [46] . However, only rarely have those studies focused on porcine intestinal cells. We found that the addition of TUNI induced spontaneous ERS in a time-dependent manner. Although the milieu and homeostasis are different between cell models and animal intestines, ERS-correlated proteins were significantly increased by treatment with TUNI in this in vitro model; this result is similar to that of ERS in porcine intestines. Therefore, we propose that this new ERS cell model of porcine intestinal cells could be applied to investigate the molecular mechanism of ERS and ERS-mediated biological processes. To our knowledge, this is the first time that TUNI has been used to induce ERS in IPEC-J2 cells.
Apoptosis and ERS
Prolonged or severe ERS can result in premature apoptosis via intrinsic or factor associated suicide (Fas)-mediated pathways [47] . The classical intrinsic pathway of apoptotic cell death involves an altered balance between apoptotic inhibitors (Bcl2 family) and pro-apoptotic proteins (Bax, Bak), which leads to the release of cytochrome c from the mitochondria, activation of caspases, and intracellular-controlled degradation [48] . However, the most important pro-apoptotic pathway involving the ERS-response is PERK activationtriggered and ATF4-mediated production of transcription factor CHOP (or GADD153). ERS can also initiate apoptosis by specifically activating caspase-12, which is mainly located in the ER. A previous study [49] demonstrated increased expression of capase-12 and CHOP in response to the dual environments of ERS and infection. Likewise, we found that TUNI treatment increased the apoptosis of IPEC-J2, while it up-regulated the expression of CHOP. The apoptotic response is dependent upon both the condition of the cells and the context of the stress. Our results demonstrated that the mild inflammatory environment markedly increased the amount of apoptosis in ERS-responsive cells, which is in contrast with a previous report [50] . This discrepancy might have arisen because the regulation of ERS-induced apoptosis is influenced not only by the severity, nature, and duration of the stressor-as well as the activation of various UPR elements-but also by the expression of critical pro-and anti-apoptotic proteins that are based on cell type.
GRP78 and the inflammatory milieu
The GRP78 protein is a central regulator of the UPR and is considered a representative ERS marker. When stress occurs, GRP78 is released from branches of the UPR-PERK, IRE1-a, and ATF6-and binds misfolded proteins, thereby activating the UPR. In addition, CHOP is a major stress-inducible pro-apoptotic gene that participates in ERS-induced apoptosis. The activation of CHOP can be regulated by all three branches. Increased GRP78 expression has also been reported in human IBD patients in a previous study [9] , which suggested that specific impairment of the ERS response induces inflammation in the gut. In contrast, our data pointed to unresolved ER stress-induced apoptosis as a cause of apoptotic damage, rather than as a reason for inflammation. Notably, apoptosis can be largely instigated by an inflammatory milieu. Our results implied that intestinal inflammation induced by Gramnegative bacteria might primarily worsen gut damage through ERS-mediated cell apoptosis. GRP78 is thought to be located mainly in the cytoplasm, especially in the ER and many factors, such as inflammation, might lead to upregulation of GRP78. Our results suggest that GRP78 acts as a molecular chaperone, shuttling between the nucleus and the cytoplasm and interacting with several molecules to regulate many biochemical pathways. The addition of 0.5 μg mL -1 LPS had little influence on the expression and subcellular location of GRP78 in normal IPEC-J2 cells; however, LPS significantly affected the expression and subcellular 
Crosstalk between ERS and inflammation
Links have been verified between ERS and both local and systemic inflammation, suggesting that stress itself promotes inflammation. However, little is known about how inflammation affects ERS-induced apoptosis. Cancer research has focused on the instigation of ERS-induced apoptosis in tumors [51] , providing evidence for the importance of ERS in apoptotic regulation. Even under normal conditions, organs that are highly efficient protein synthesizers are challenged by ERS and ERS-induced apoptosis, including the liver [52] , mammary glands [53] , and intestines [54] . NF-κB is considered central to intestinal inflammation, and can be activated by pathogenic bacteria, thus the intestine is naturally exposed to the co-effects of NF-κB and ERS. ERS may trigger NF-κB activation through the following different pathways: 1) IRE1-a, complexes with IκB kinase (IKK) via the adaptor protein TRAF2 can lead to the degradation of Ik-Bα [55] ; 2) PERK initiates the blockage of Ik-Bα translation [56] ; 3) cytoplasmic GRP78 directly interacts with IKK complex [57] ; and 4) Ca 2+ metabolism and the production of reactive oxygen species is disturbed in various organs [58] . We tested the relationship between ERS and inflammation/infection by treating cells with DMSO, TUNI/DMSO, LPS/DMSO, or combinations of TUNI/LPS. The expression of key proteins in the ERS pathways, inflammation, and apoptosis was monitored via western blots while inflammatory cytokines were evaluated by ELISAs. When ERS was induced by TUNI, there was no influence on the secretion of inflammatory cytokines and p65 expression, which indicated the ineffectiveness of them in promoting inflammation. Because this outcome differed from that previously reported from in-vivo examinations, we might speculate that cell cultures treated with TUNI alone either cannot trigger or they lack the activation factor that initiates inflammation. When ERS is induced by TUNI, it can trigger the upregulation of cytoplasmic GRP78 and the PERK-CHOP pathway [59, 60] , which is consistent with our results. We found that the inflammatory milieu induced by LPS promoted apoptosis in responsive cells and altered the subcellular localization of GRP78. However, it is difficult to clarify the primary function. We could hypothesize that NF-κB activation interrupts the UPR, leading to a compensatory increase in GRP78 levels. Nevertheless, this hypothesis cannot fully explain the inhibitory effect that LPS appeared to have on the redistribution of GRP78 from the nucleus to the ER lumen. To investigate the interaction between those two factors, we used Co-IP to examine possible interactions between GRP78 and IKK-α, IKK-β, and p53 complex. Co-interaction of nuclear p53 and GRP78 was observed in the dual (combination of LPS and TUNI)-treated cells and LPS only treated cells. Moreover, this co-interaction was not detected under TUNI treatment alone. Knockdown of p53 recovered the TUNI-induced redistribution of GRP78 from the nucleus to the ER lumen, and ameliorated cell apoptosis by blocking the crosstalk between inflammation and ERS in stress-responsive cells. It is acknowledged that p53 and p65 show competitive binding to CBP/p300 (a nuclear integrator of nuclear factor-kappa B and p53 signaling). When inflammation is triggered, CBP is highly activated by phosphorylation, increases binding p65, and thus exposes higher levels of unconjugated p53 [61] . This has been considered classic crosstalk between nuclear p65 and p53 in the NF-κB pathway. We proposed a model (Fig.  7) to illustrate how the LPS-induced inflammatory milieu triggers ERS-induced apoptosis through activation of p53 to arrest GRP78 in the nucleus. As more pathways are implicated in intestinal diseases and disorders, the recognition of ERS-induced apoptosis and its association with the inflammatory environment will enable researchers to identify pathways that are particularly important for the pathogenesis of infections. Our findings suggested that crosstalk between nuclear GRP78 and p53 contributed to the LPS promoted apoptosis in ERS-responsive porcine IPEC-J2/rapidly growing intestine cells, indicating that intestinal disorders may solely originate from the effect of Gramnegative bacteria on the ERS-responsive intestine. This novel finding implied that regulation of the ERS response in the rapidly growing intestine may help intestinal cells survive Gramnegative bacteria infections. Future work is warranted to explore the optional nutrients for the regulation of ERS (especially the crosstalk between nuclear GRP78 and p53) and exploit feeding products to improve the intestinal health of growing piglets.
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